Introduction
Neonatal mortality has remained relatively unchanged in many developing countries in the last 20 years despite the decline in infant and under-5 childhood mortality during the same period. 1, 2 Underlying factors such as illiteracy, socioeconomic deprivation, traditional beliefs and gender bias that profoundly affect maternal and neonatal health are complex and relatively resistant to change in the short-term. Although solutions to these problems are sought, short-term improvements in emergency obstetric and neonatal health services may save many newborn lives.
There is no single solution to saving lives of newborns. Many cost-effective health programs and interventions 3, 4 to reduce childhood mortality in developing countries are community-based. The greatest success of life-saving interventions occurs when hospital and community-based activities are linked. 5 Sick and premature newborns who require specialized hospital care for their survival die because facilities and skills required for neonatal intensive care are usually unavailable in these countries.
The achievement of the Millennium Development Goal 4 to reduce under-5 mortality by two-thirds by the year 2015 is critically dependent on substantial reduction of neonatal mortality in the next decade. This requires improved health systems that will effectively link community-and hospital-based neonatal services. In the year 2004, the government of Ghana upgraded the neonatal intensive care unit at its largest teaching hospital from level I to level IIIA as part of efforts to reduce neonatal mortality. We report the impact of this service on neonatal referral patterns and outcome.
Methods

Study area
The Korle Bu Teaching Hospital (KBTH) is a tertiary referral center for southern Ghana. The obstetric department that attends to 12 000 deliveries annually has one functioning obstetric theater and 10 delivery rooms. Table 1 . The total staff strength of 28 nurses and 9 doctors provided 24-h care for the newborns during both periods. The nurse/patient ratio before and after NICU refurbishment was essentially unchanged (1:12.5 to 1:25 vs 1:11.7 to 1:23.5).
No change occurred in the pediatric coverage of labor ward deliveries. Resuscitation of most newborns was initiated by midwives until a pediatric doctor or anesthetist arrived. Midwives were trained in neonatal resuscitation in October 2003. The participation of mothers in the care of their hospitalized newborns during both periods was similar. The criteria for admission remained the same for both periods except that the weight criterion for admitting healthy inborn low birth weight newborns was reduced from 1800 to 1600 g after NICU refurbishment. This was done to reduce overcrowding.
Before 9 Newborns weighing X2500 g who required resuscitation at birth, had weak/absent cry at birth or were assessed by the primary health-care worker to have blue/white asphyxia as the reason for NICU referral were recorded as having birth asphyxia. Apgar score at delivery was not used for diagnosis of birth asphyxia because it was not always stated, and our local experience was that midwives lacked skills on appropriate use of the Apgar score. Birth weight categories were defined as normal birth weight (NBW) X2500 g, low birth weight ¼ 1500-2499 g, very low birth weight ¼ 1000-1499 g and extremely low birth weight <1000 g.
All newborn infants admitted to NICU were weighed with the same SECA weighing scale before admission during both study periods. The birth weight used for analysis was the first weight measured on arrival at the NICU in infants less than 36 h old at the time of admission. We used the birth weight from the referring health institution in the analysis of newborns admitted after the age of 36 h (121 newborns (103 NBW, 17 low birth weight and 1 very low birth weight) before, and 94 newborns (69 NBW, 21 low birth weight, 3 very low birth weight and 1 extremely low birth weight) after). Eleven newborns (2 before and 9 after) were excluded because their birth weight was not recorded. All excluded newborns died.
Statistical analysis
Categorical variables were compared using w 2 test with (where appropriate) odds ratio (OR) and 95% confidence interval (CI). Numeric variables were compared using student's t test. Differences were considered significant if P<0.05.
Results
There was a 12.6% (2078 vs 1815) reduction in NICU admissions after the refurbishment. Table 2 shows the birth weight distribution of admissions. The 19.6% (1900 vs 1528) reduction in inborn admissions after refurbishment was mostly in the NBW and low birth weight groups. The 61% (178 vs 287) increase in out-born admissions after refurbishment resulted largely from a fourfold increase in out-born NBW admissions.
Korle Bu teaching hospital
The total number of births at KBTH was 11 333 (before) and 11 642 (after); of these, 1900 (16.8%). and 1520 (13.1%) were The still birth rate before and after was 64.5/1000 vs 64.6/1000 live births, respectively. The inborn neonatal mortality rate was 37.5/1000 vs 24.6/1000 live births before and after, respectively. There was a 47% reduction in labor ward certified neonatal deaths from 34/11 333 before to 18/11 642 after NICU refurbishment. Table 3 shows the outcome of inborn NICU admissions before and after refurbishment. There was over 25% reduction in the chance of survival of NBW newborns. The overall survival of all newborns <2500 g improved from 67.4% (before) to 78.2% (after) (OR ¼ 1.74 (CI 1.38-2.20; P<0.00001)).
Out-born NICU admissions
There was a reduction in the survival of NBW newborns though it was not statistically significant. Table 4 shows the outcome of outborn admissions. The survival of all out-born newborns <2500 g improved from 56% (before) to 68% (after) (OR ¼ 2.16 (CI 1.36-3.44; P ¼ 0.0006)). The place of birth of newborns <2500 g admissions (deaths) were public health facilities (104 (48) vs 107 (57)), private health facilities (42 (24) vs 65 (15)) and home births (7 (4) vs 16 (5)) before and after, respectively. The most improved survival in <2500 g newborns occurred among referrals from private health facilities (OR ¼ 4.4 (CI 1.8-11.3; P ¼ 0.0004)) and not in those from public health facilities (OR ¼ 1.44 (CI 0.8-2.58; P ¼ 0.20)).
Newborns weighing X2500 g Birth asphyxia was the major indication for admission of both inborn and out-born NBW and the major cause of death before (71.5%) and after (76.8%) NICU refurbishment. Table 5 shows the pattern of referral and outcome for NBW admissions with and without birth asphyxia. There was almost a fivefold increase in out-born birth asphyxia admissions and a threefold increase in out-born non-asphyxiated admissions. The proportion of NBW admissions with birth asphyxia was unchanged for the inborn (41% for both periods), but increased from 44 to 51.5% for the out-born (OR ¼ 2.32 (CI 0.96-5.69 P ¼ 0.06)) after refurbishment. There was significantly increased mortality of inborn asphyxiated NBW; even though out-born asphyxiated NBW mortality increased from 36.4 to 50%, it was not statistically significant. There was no change in the outcome of nonasphyxiated NBW irrespective of place of birth after NICU refurbishment.
Discussion
There was a significant reduction in the survival of NBW newborns with birth asphyxia, no change for the non-asphyxiated NBW and significantly improved survival of newborns weighing <2500 g. There was no concomitant improvement in emergency obstetriccare facilities at KBTH. We hypothesize that the reduction in inborn NBW referrals may have resulted from fewer 'social' admissions due to increased cost of care. There was significant increase in out-born referrals especially in the NBW group. The significant improved survival of out-born <2500 g occurred only in those referred from private health facilities, but was unchanged for those referred from public health facilities. This retrospective study had limitations. The specific cause of death could not be accurately determined for many newborns, and as a result, we could not compare the neonatal mortality for major Impact of improved neonatal care facilities CC Enweronu-Laryea et al causes of death for both periods except in NBW newborns with birth asphyxia. The contribution of various factors (improved skills of nurses, availability of physiological monitoring equipment and incubators, respiratory support with ventilators and possible reduction of nosocomial infections with less overcrowding and more hand washing facilities) to the improved survival of <2500 g newborns could not be determined retrospectively. The high prevalence of inborn NBW birth asphyxia and high mortality of affected newborns during both periods is a matter of concern. This may have been due to the inadequate emergency obstetric services at KBTH. We hypothesize that the reduced survival of asphyxiated inborn NBW after NICU refurbishment may have been due to the referral of moribund asphyxiated babies from the labor ward because labor ward neonatal deaths reduced by 47% after NICU refurbishment. The high mortality among out-born asphyxiated NBW may have been due to the mode of transportation (usually in a taxi by their relatives) to NICU. Poor outcome of out-born asphyxiated newborns has been observed in studies in more developed countries like South Africa 10 and France.
11
Major investments were made to improve NICU facilities. This resulted in a significantly improved survival of <2500 g newborns and a 15-fold increase in the cost of care. The outcome for <2500 g newborns may have been better if concomitant investments had been made in improving human resources for neonatal care. The infant to nurse ratio 11.7-25 was grossly inadequate for provision of quality nursing care to sick newborns in our NICU. The risk of neonatal mortality has been shown to be independently related to staffing levels in NICUs 12, 13 such that the odds of mortality significantly increased when one nurse cared for more than 1.7 newborns.
Birth weight is the most objective and comparative parameter for analysis of outcome for newborns in many developing countries. We evaluated the impact of intensive care services in our unit on the basis of birth weight and not gestational age because of the inherent limitations of accurate gestational age estimation in our setting. These limitations arise from many factors including high female illiteracy rate, unaffordable or unavailable ultrasonography services and the high prevalence of intrauterine growth restriction. The birth-weight specific survival of very-low-birth-weight and extremely-low-birth-weight newborns in our unit after the refurbishment is higher than those in Kenya, 14 similar to those in South Africa 15 , but below that in developed countries in the 1990s. 16 The incidence of birth asphyxia in our study is higher than that in hospitalized NBW infants in other African countries. 17, 18 This could be a true reflection of the birth asphyxia burden in Ghana or an overestimation of the burden due to the surrogate clinical characteristics that we used for the diagnosis. The accurate diagnosis of birth asphyxia in poor-resource countries 19 is a challenge and demands skills that the cadre of health-care workers attending deliveries in these countries may not have. However, observational studies in India 20 have shown a high correlation between the neonatal assessment of community birth attendants and physicians, and this may well apply to other developing countries, including Ghana.
The survival of newborns <2500 g is important for developing countries to reach the Millennium Development Goal 4 because of the high prevalence of intrauterine growth restriction; however, NBW newborn survival should be high priority. We have shown that expensive investments in NICU facilities without concomitant improvements in emergency obstetric services, human resource, neonatal resuscitation practices and referral systems, especially transportation of the sick newborn, are not enough to achieve the desired goals of reducing neonatal mortality. A comprehensive coordinated health system that links community and preventive services with institutional care services is recommended to save more newborn lives, and investments are required at all levels.
